THE IMPACT OF INFORMATION TECHNOLOGY ON ORGANIZATION Introduction
A discussion of the impact of information technology on organization is largely a matter of speculation, since we are just now beginning to perceive its effects. Speculation, though often interesting and occasionally useful, presents some obvious hazards.
One hazard, of course, is that predictions may prove wrong. This is not as great a danger as one might suppose, however, since the dramatic developments in the field of information technology make it likely that any prediction, if it is sufficiently imaginative and glamorous, will eventually prove correct. In any event, suitable hedging can minimize the probability of error, and faulty memories will reduce the penalty of an error if the prognosticator is indiscrete enough to make it obvious.
A more serious and immediate pitfall is that the speculation may be trite and commonplace. This hazard is particularly treacherous when discussing information technology and organization, since we already have been * presented with such a rich abundance of speculation on the subject. I do not claim that I have avoided this hazard altogether, but I have tried to reduce the risk by confining my discussion to some of the less explored issues involved.
*
Among the earliest and most perceptive, I think, is the work of Leavitt and Whisler (1958) .
-2 -As I view the topic, information technology will affect organizational structure primarily through the improvements it brings in the planning process, * The role of planning within the organization An organization consists of a hierarchy of subunits pursuing a common set of objectives. Consistent, purposeful behavior on the part of all subunits is achieved through planning. The results of the planning are expressed in such forms as goals, plans, budgets, schedules, policies, and procedures.
Planning, like the organization itself, has a hierarchical structure.
The total process is "factored" into a hierarchy of subsidiary processes.
Planning at one level has as its purpose the achievement of plans formulated at the next higher level. Conversely, high-level planning aims at imposing constraints that lead to "good" lower-level planning that, in turn, eventually results in "good" organizational behavior. Higher-level planning thus affects behavior only indirectly through lower-level planning.
High-level planning generally deals with aggregate variables extending over relatively long time spans. Lower-level planning progressively adds greater detail within the constraints provided by the more aggregate plans.
For example, a quarterly plant-wide schedule might be amplified by lowerlevel planning into weekly departmental schedules. Planning at a given organizational level is constrained not only by current operating plans, but also by less ephemeral forms of higher-level * I have discussed the role of planning in a previous paper (1964) and so the remarks here provide only a sketch of that more detailed article.
-3 -planning. The goal structure of the organization, for example, serves this purpose. Thus, basic long-range "objectives" restrict the choice of mediumrange "goals" that limit the choice of short-term "plans." Similarly, policies and procedures defined at one level in the organization provide constraints on lower-level planning (Granger, 1964) . All of these forms of planning are, of course, designed to constrain lower-level planning in a way that will bring about satisfactory organizational behavior.
All lowest-level plans taken together describe the desired behavior.
In order to do this with sufficient precision to make the description unambiguous (within "reasonable" tolerances), the composite lowest-level plan must ultimately contain a great deal of information. This information is expressed in the form of such high-resolution variables as scheduled daily production of each unit, number of employees of each skill classification, and detailed delivery schedules.
On the other hand, the aggregate, low-resolution variables used in highlevel planning provide very much less information than the composite lowestlevel plan. The information added in amplifying high-level plans into lowlevel plans must come from somewhere. It comes from the hierarchical planning process .
The design of this planning process represents a fundamental issue in managing an organization. The choice of the various constraints that impinge on planning involves a problem-solving process of the most complex sort. In order to break up the overall problem into manageable subprobleras, the global -^-objectives of the organization are factored into subobjectives . This is done through a "means -ends" analysis that relates desired end results to the means of accomplishing them. The subproblems thus generated are, in turn, factored into still less comprehensive problems. This process continues until the subproblems become manageable without further factoring (March and Simon, 1958, pp. 190-193) .
The behavior of the organization depends largely on the way in which the hierarchical factoring is accomplished. Unfortunately, there exists no known method for doing this in any "optimal" fashion. (Hitch, 1953; Hitch and McKean, pp. 125-133 and 158-181 The "models" may be formalized mathematical or computer models or--more often--a simplified, abstract mental image of the world that the planner necessarily resorts to in exercising his judgment and intuition. **Subsumed under the broad term of information technology are the more restricted fields of operations research and the computation sciences.
-7 -This phenomenon has already manifested itself to a considerable extent--particularly in the field of production and inventory control--and will doubtlessly become all the more evident in the future. The great advantage of man -machine systems is that they do not require the complete formalization of the decision process. Those decisions that are well understood and capable of being described formally can be incorporated into the computer model. Decisions that cannot be so formalized are simply reserved for the human decision maker.
A planner armed with a man-machine system can use it to explore in depth for improved plans. A sequential, hierarchical search appears particularly efficient (Dalkey, 1962; Emery, 1964) . Using an aggregate model, the planner can search for a superior high-level plan. Each probe in the "space" of alternatives provides information useful to him in proposing further probes.
He continues his search until a satisfactory high-level plan is found.
The aggregate plan emerging from such a process is then amplified by more detailed models. A search at a lower level is similar to the highlevel search except that it is constrained by higher-level plans previously selected. These constraints explicitly recognize interactions among the detailed models, and hence they can reduce the penalties of suboptimization.
Furthermore, the constraints confine the range of alternatives that need to be examined at the more detailed level, thereby enormously increasing the efficiency of the search process (at the possible risk, however, of overlooking attractive detailed plans that do not meet the imposed constraints -11 -factor into account.
In amplifying higher-level plans into lower-level plans, each organizational unit adds information. In a "centralized" organization, most of the information comes from the higher levels; in a "decentralized" organization, the lower levels tend to supply a relatively greater proportion of the information.
Information content is a function of the selectivity of the information. Despite its shortcomings, the proposed definition has, I think, several desirable properties that make it suitable for the purpose at hand. For instance, it recognizes the relative nature of centralization and makes explicit the fact that centralization occurs to some extent throughout the entire organization. An organization may be highly "decentralized" at the highest levels and "centralized" at the lower levels. Thus, a given division may be autonomous and decentralized within the organization as a whole, but relatively centralized within itself. Some of the well-known "decentralized" firms seem to fall within this class. Notwithstanding often expressed opinion
The definition of centralization in terms of the selectivity of a plan instead of the range of its values is analogous to Shannon's definition of information in terms of its selectivity rather than its semantic content. After this somewhat lengthy digression to define terms, I am now in a position to discuss the effect of information technology on centralization.
It seems to me that the available evidence clearly supports the view that advances in information technology will lead toward greater centralization.
These advances certainly permit the organization to store, retrieve, and manipulate greater quantities of data then ever before. There is no reason to suppose that high-level managers will not exploit this capability. Nor is there a clear case to suggest that they should not.
As Leavitt and Whisler pointed out (1958, p. 43), decentralization has * Professor Billy Goetz of M.I.T. has observed (not altogether in jest) that most managers prefer an organization that is decentralized from the top down to them, and centralized thereafter. Malik, they view such a world as having "perfect hierarchy, perfect organization, total efficiency; but no spirit, no freedom, no joy, no humor, and therefore no man." (Malik, 1963 Still another problem facing a middle manager is the risk of being assigned unreasonable and unrealistic plans. As discussed earlier, the quality of these plans is largely a function of the data handling capacity available to his higher-level managers. One of the most serious indictments against many of the current centralized planning schemes is that the constraints they impose are not based on a sufficiently realistic model of the world, nor on adequate information about the current state of that world.
A lower-level manager naturally finds it difficult to work under such conditions. Advances in information technology eliminate much of this problem.
As a result, lower-level managers may have less justification to mistrust the centralization induced by these advances .
Conclusions
There seems to be little doubt that the rapid strides being made in information technology will improve high-level planning. A more accurate, timely.
-19 -and accessible data base will provide a better analogue of the current state of the environment with which to predict planning data. Formalized analytic and simulation models will permit more realistic predictions of the consequences of alternative actions. The increased speed of evaluating proposed alternatives will allow a wider search for improved plans.
The plans that emerge from such high-level planning will be more comprehensive, realistic, and detailed than can be generated by conventional means. 
